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N¤P3R�Z<RYEbX[g±HKZyjbJI�M:@X[g�U*P�U*TYRYX¶²mVIX´U*�Èg�ZW�bT�VhJ1PGZyjbJ�·�g�JhJ�²GeGÆc�i¹_d$#9e�� h X[g±RYEGJrg�JIR�Z*��U*T�Vhg±ZW�bRYefZWXcPbe��.T�ZWH »fJITYR�J_µ
�\U*PGj%# KML e�� h X[g�RYEGJ|g�JIR�Z*��XcP,^`efZWXcPbeaU*T�VhglÆ � ZWPGg�RYT�U*XcPSR�g<· � ¹_dÈ·`�f¹�U*T�J|PGJIR¤�±ZWTY�Z�mZi� T�JI{bT�Jhg�JIPSR�U*RYX[ZWP>Z*��RYEGJ
{mU*RYEGgÁ��T�ZWH : R�Z'& ·�g�JhJK²GeGÆc�i¹_d�VhZWPGgYRYT�U*XcPSR�g�·z�S¹|��ZWT�VhJaRYEGJK{mU*RYE¿R�ZÇ{mUWg�g�RYEbT�ZW�beBE³RYEGJ9{mU*XcT�Z*��»fJITYRYX[VhJhg
UWVIRYXc»WU*R�JhjÇ�S�ÇqbwuqÀ·`q3{�JhVIX´U*��w1T�jbJIT�JhjÉqyJIRn¹±VhZWPGgYRYT�U*XcPSR�g�·Â�l�S¹_dbVhZWPGgYRYT�U*XcPSR�g�·z�f¹�U*T�Jr��ZWT�RYXceBE3R�JIPbXcPbeaRYEGJuÃÄo�^
T�JI�´U6µbU*RYX[ZWPÄÆ¼D�EbX[guHKZyjbJI���±UWgÁ�b�bXc�cRu�bPGjbJITuRYEGJ¼{bT�JhgY�bH]{bRYX[ZWPGg<Z*��w1�GglÆc�BdÈX`ÆêJBÆ�R�Z�JIPS�bHKJIT�U*R�J]RYEGJ]g�HaU*�c�[JIT
g�JlU*T�V�E9gY{mUWVhJ�Z*��»BU*TYX´U*�b�[Jhg5�<RYEmU*PKZ*�+��dBRYEmU*R���Xc�c�b�
J�RYEGJ�VlUWg�J�X¶��±J�gY��XcR�V�EKRYEGJ�XcPSR�JIefJIT�T�J %S�bXcT�JIHKJIP3R�g���T�ZWH�|R�Z �K»BU*TYX´U*�b�[Jhg�·.RYEbX[gËPGJhJhj]g�ZWHKJ±H]XcPGZWTöV�EmU*PbefJhg�XcP�RYEGJ�HKZyjbJI�(¹_Æ,bT�ZWH RYEGJ���JI�c�b�yPGZl��Pa{bT�ZW{�JITYRYX[Jhg�Z*��RYEGJ
PGJIR¤�±ZWTY�*�mZl� {
ZW�c�3R�ZW{
J�ZWPGJrVlU*P�g�JhJ�RYEmU*R���ZWT±JlUWV�E°²bµGU*RYX[ZWP°Z*� ��»WU*TYX´U*�b�[Jhg±R�Z ��6�
�RYEGJ1T�JhgY{
JhVIRYXc»fJ�»fJITYRYX[VhJhg
Z*��RYEGJ¼�bPGjbJITY�c�yXcPbe�{�ZW�c�yR�ZW{
J¼XcP�e��O6 � h V�gY{mUWVhJKEmUh»fJle ��6�
 h �@VhZyZWT�j,XcPmU*R�JhglÆ�D�Z�VhZWPGVI�c�GjbJ]�±J¼PGJhJhjÀR�Z�g�Uh�EGZl� RYEGJ9U*T�Vhgu��JIXceBE3R�g

�
��U*T�JKT�JI�´U*R�Jhj§R�Z�RYEGJKg�VhZWT�Jhg|��T�ZWH0RYEGJ]XcP3RYT�Z3j,�GVIRYX[ZWPÄÆ9xöUWV�E³��JIXceBESR�X[g<U�gY�bH�Z*�

RYEbT�JhJ±PS�bH<�
JIT�gwE�ZWPGJ���ZWT�RYEGJöR�U*Xc�bZ*�mRYEGJ�U*T�V|·�g�JIeBHKJIPSRÂ^`R�Z*^`{
ZBgYXcRYX[ZWPaVhZBg�Rn¹_dBg�JhVhZWPGjÁ�ºZWTËRYEGJöeSU*{]VhZBgYR��
JIR¤��JhJIP
g�JIeBHKJIPSR�g6·.X¶��U*P3�b¹|U*PGjÀRYEGJ�RYEbXcT�jÀX[gr�ºZWTrRYEGJ¼�[ZyVlU*�ËXcPSR�JIT�UWVIRYX[ZWPGg°·.X¶��U*PS�G¹_Æ�N`�öRYEGJ¼�[JlUWj,XcPbe>U*PGj)(*ZWT<RYT�U*Xc�cXcPbe
eSU*{GgöU*T�J�g�VhZWT�Jhj]RYEGJIPaRYEGJhg�J�PS�bH���JIT�g±U*T�J�{bT�Jhg�VITYXc�
Jhj¼R�Z|RYEGJ�ZW�bRÂ^`efZWXcPbe�U*T�VhgË��T�ZWH :ÀU*PGj)(*ZWT�XcP,^`efZWXcPbe¼U*T�Vhg
XcP*&�Æ GT�ZWH0RYEGJ¼eBT�U*{bE§XcPÀ²GeGÆc�¼��J]VhZW�b�[jÀEmUh»fJKHKZWT�J¼efJhZWHKJIRYTYX[VlU*��XcPGgYXceBESRÁ��ZWT|RYEGJ¼{bT�ZW�b�[JIH Z*��ZW{bRYXcHaU*�
U*�cXceBPbXcPbe°Z*��g�ZWHKJ�g�J %3�GJIPGVhJÁ��XcRYEÉUKVhZWT�J�Z*�ö�]g�JIeBHKJIP3R�gld�JlUWV�EÀZWPGJÁ��XcRYE>RYEbT�JhJ<{�ZBg�gYXc�b�[JÁ{b�´UWVhJIHKJIP3R�gwE±RYEGJ
{mU*RYEÇeBXc»fJIP>XcP>U]RYEbX[V����cXcPGJhg�EmUWg�U]�[JIPbeBRYEÉ���b�bR�R�U*�yXcPbeKXcPSR�Z°UWVhVhZW�bPSR1RYEGJu{mU*XcTY��X[g�JuXcP3R�JIT�UWVIRYX[ZWPGg¼·.XcP>RYEbX[g
VlUWg�J>·Â�Bdc�BdèL,dè�f¹_d�·ºL,dè�,dè�,dè�f¹r^�RYEGJK{mU*RYE@{mUWg�g�JhgÁRYEbT�ZW�beBE@RYEGJ]»fJITYRYX[VhJhg�·Â�Bdc�i¹_d[·ºL,dè�f¹_d�·º�,dè�f¹Y¹r��JaH<�GgYR�UWjbj RYEGJ
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VhZBgYR�g<�ºZWT�{mUWg�g�XcPbe\RYEbT�ZW�beBE¿RYEGJhg�J9»fJITYRYX[VhJhgÇ·
�
L�L � g N

� � g���g ¹uR�ZÉ�\U*PGj³R�Z\ZW�bR�U*XcP�RYEGJ�UWVIRY�mU*���[JIPbeBRYE �I�
Z*�öRYEGJ�{mU*RYE ·.RYEbT�JlUWj,XcPbe3¹_ÆÁD�ES�Gg|X¶����J�EmUh»fJ�eBXc»fJIPÀ��JIXceBE3R�guR�Z°U*�c��U*T�VhgÁU*PGjÀUKR�U*�b�[J¼Z*�öRYEGJ¼VhZBgYR�g1�ºZWT�RYEGJ
jbJhgYXceBPmU*R�JhjÉPGZWP,^`�[ZyVlU*�Ë{mU*XcTY��X[g�J<XcP3R�JIT�UWVIRYX[ZWPGguRYEGJ�ZW{bRYXcH]X32iU*RYX[ZWPÉ{bT�ZW�b�[JIH ��Xc�c��VhZWPS»fJITYR|R�Za²GPGj,XcPbeÇU]{mU*RYE
��T�ZWH : R�Z &}��XcRYE H]XcPbXcHaU*�±�b{
jGU*R�Jhj �[JIPbeBRYEÄÆ bT�ZWH RYEbX[gÁ²GeB�bT�JK�±JaVlU*P¿U*�[g�ZÇgYRYT�Jhg�g �W^�R�Z*^6�¿T�JI�´U*RYX[ZWPTE
ZWPGVhJ|RYEGJ �K»WU*TYX´U*�b�[Jhg�U*T�Jr²bµbJhj · �1L�L � g S.
�6 � � g���g S.
BdGU*�c�ÄZWRYEGJIT1U*T�J72lJIT�Z¼�
JhVlU*�Gg�JuZ*��·Â�l�f¹Y¹�R�Z�²GPGjÇ��EbX[V�E
�À��Xc�c����J|²bµbJhj\R�Z>�ÁX[grJ %3�bXc»WU*�[JIP3R1R�Za²GPGjÇRYEGJ�gYEGZWTYR�JhgYR��.T�ZWH U*HKZWPbe°RYEGJ<{mU*RYEGgr{mUWg�gYXcPbeaRYEbT�ZW�beBE�·Â�Bdc�i¹_d
·ºL,dè�f¹_dË·º�,dè�f¹_Ænr$XcRYEbXcP>RYEbX[g��.T�U*HKJI�±ZWTY�Ç��J�VlU*PÉU*PGgY�±JIT1RYEGJ4%S�GJhg�RYX[ZWP>�ºZWT�RYEGJ�J��
JhVIRYXc»fJIPGJhg�grZ*��U*P\J_µ,X[gYRYXcPbe
�bT�U*PGV�EmÅr��ZW�bPGjÀU*�cefZWTYXcRYEbHÇÆ
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1 2 3 4 5

( 1 1 )  (3 2)    2    (3 1)  (5 2)   4

( 1 1 )  (3 3)    7    (3 1)  (5 3)   2

( 1 2 )  (3 2)    3    (3 2)  (5 2)   7

( 1 2 )  (3 3)    8    (3 2)  (5 3)   5

( 1 3 )  (3 3)    5    (3 3)  (5 3)   2

  (1 3)                (3 5) 

NON−LOCAL COSTS

( 1 1 )  (3 1)    4    (3 1)  (5 1)   1

opt = f ((1,1) (2,1) (3,2) (4,2) (5,2)) = 14.0

lb   = f ((1,1) (2,1) (3,2) (4,2) (5,2)) = 11. 5 

�XceB�bT�Ja�1E )rT�U*{bE>VhZWTYT�JhgY{
ZWPGj,XcPbe°R�Z]RYEGJuPGJIR¤�±ZWTY� �mZl� ��ZWTYH��b�´U*RYX[ZWPÉZ*��RYEGJu{bT�ZW�b�[JIHÇÆn�de�� h X[g1U����bPGVIRYX[ZWPVhZWH]{b�bRYXcPbe9RYEGJÁJ_µbUWVIR�VhZBg�R�Z*��RYEGJ|{mU*RYE ��d,��EbXc�[J?� e�� h VhZWH]{b�bR�Jhg�XcR�g��[Zi��JIT1��ZW�bPGj>UWVhVhZWT�j,XcPbeaR�Zl�c���¤Æ
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NQPZ�c�Bd6�t�,U��bT�U*PGV�EmÅr�
ZW�bPGj]U*�cefZWTYXcRYEbH�·.�´U*R�JIT�T�J_��JITYT�Jhj<R�Z1UWg����Ä¹
X[gÄeBXc»fJIP<R�ZWefJIRYEGJIT���XcRYE<RYEGJ�jbJIHKZWPGgYRYT�U*RYX[ZWP
Z*��XcR�g|J��ÈJhVIRYXc»fJIPGJhg�g|ZWPÀUa��X[jbJ<T�U*PbefJ�Z*�öXcPGgYR�U*PGVhJhgiÆ�D�EGJ�X[jbJlUaZ*��RYEGJ¼U*�cefZWTYXcRYEbH X[g|gYXcH]{b�[J�U*PGjÉVhZW�b�[j\��J
PGZi� JlUWg�Xc�c�9J_µ,{b�´U*XcPGJhjÈÆ�D�EGJ1X[jbJlU�·.XcP�RYEGJ1�.T�U*HKJI�±ZWTY�9Z*��ZW�bT�eBT�U*{bE�g�JIRYRYXcPbe3¹�Z*��RYEGJr�[Zl�±JIT���ZW�bPGj°X[g±�mUWg�Jhj
ZWP�RYEGJ1�ºZW�c�[Zl��XcPbepE��[JIR e 
�6�)�L h 6We$/Y6�) g h 6 c3c3c e 8 6�) [ h �
JuU*P�U*TY�bXcRYT�U*TY�°{mU*RYE�XcP�RYEGJ|eBT�U*{bE ) U*PGj��[JIR e$5;6 = h ��JuU»fJITYR�J_µ\ZWP\RYEbX[g�{mU*RYEÀglÆ RlÆ	�\e�
 Lw6<5 h 6 c3c3c e�
�p6<5 h 6We$5;6��1L h 6 c3c3c 6We$5;6���� h = { @ > ·$5>X[g��[J_��R1ZWT1TYXceBESRuJIPGj>Z*��U*Rr�[JlUWgYR
ZWPGJ1PGZWP,^`�[Z3VlU*��T�JI�´U*RYX[ZWP¹_Æ�ÃÄJIR :�� S4;\e�
1Lw6<5 h 6 c3c3c e�
�p6<5 h =ÁU*PGjo:��0S ;\e$5;6�� L h 6 c3c3c e$5;6���� h =SÆ�D�EGJIP°RYEGJ�P3�bH<�
JIT

= 7 e$5;6 = h S� c�� H]XcP %�')( �< � # ��� �
< � %  "( N � c�� H]XcP ( '�� �

����# ��� �
 "(������

X[g¼U��[Zi��JIT¼�
ZW�bPGj@R�Z\RYEGJaVhZBgYR�g�XcPGVI�bTYT�Jhj¿�S�§RYEGJ9PGZWP,^`�[Z3VlU*�±T�JI�´U*RYX[ZWPGg�EmUh»yXcPbe e$5;6 = h U*R¼ZWPGJaZ*��RYEGJIXcTJIPGjbg �c�Bd��t�¤Æ �rZl���±J�VlU*P�UWjbj = 7 e$5;6 = h ·�gYEGZl��P ZWP¿²GeGÆc��UWg¼RYEGJ�g�JhVhZWPGj¿R�JITYH XcP�RYEGJ°g��bHKg]Zl»fJITKg�ZWHKJ
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U*T�Vhgn¹rR�Z�RYEGJK�[JIPbeBRYEGg<Z*��U*�c��U*T�Vhg<ZW�bRÂ^`efZWXcPbe>�.T�ZWH e$5;6 = h Æ��|Uh»yXcPbe>jbZWPGJ]RYEbX[gu�ºZWT�U*�c��»fJITYRYX[VhJhg�VhZl»fJIT�Jhj³�S�RYEGJ]PGZWP,^`�[ZyVlU*�öT�JI�´U*RYX[ZWPGg�RYEGJIP RYEGJKgYEGZWTYR�JhgYR�{mU*RYE§��T�ZWH : R�Z%&}XcP RYEGJag�Z��b{
jGU*R�Jhj eBT�U*{bE 6 X[g<U��[Zl��JIT
��ZW�bPGj@�ºZWT<RYEGJaZW�,pYJhVIRYXc»fJ9�.�bPGVIRYX[ZWP ·º�f¹_ÆÇD�EGJ��*e 8 g 1 g h VhZWH]{b�[J_µ,XcR¤�¿Z*��RYEbX[g�{bT�ZyVhJhj,�bT�J0�c�Bd��t��VhZW�b�[j@�
J
jbJITYXc»fJhjÇ��T�ZWH RYEGJ�VhZWH]{b�[J_µyXcRQ�>Z*��RYEGJ<gYEGZWTYR�Jhg�R�{mU*RYEÉ{bT�ZW�b�[JIH U*PGj>RYEGJ<VhZWH]{b�[J_µ,XcR¤�>Z*��RYEGJ�U*�cefZWTYXcRYEbH �ºZWT
= 7 VhZWH]{b�bR�U*RYX[ZWP@·�ZWPK²GeGÆc�����¼X[g�RYEGJ��
ZW�bPGj9ZW�bR�U*XcPGJhj°�S�]RYEbX[g�T�JI�´U6µGU*RYX[ZWP�U*PGj����
	�RYEGJrZW{bRYXcHaU*��»WU*�c�GJi¹_Æ�NQP
RYEGJ�g�U*HKJ���ZWTY�aU|�cX[gYR�Z*�
XcH]{bT�Jhg�gYXc»fJ�VhZWH]{b�bR�U*RYX[ZWPmU*��T�JhgY�b�cR�g�X[göeBXc»fJIP9ZWP9UuT�JlUWV�E�g�JIRöZ*�ÄglÆêVBÆËg�JI�¶�.^`RYEbT�JlUWj,XcPbe
·.RYEGJ]{bT�ZWR�JIXcP@g�J %3�GJIPGVhJ]X[gÁU*�cXceBPGJhj@��XcRYE XcR�gÁZl��P³VhZWT�Ji¹rXcPGgYR�U*PGVhJhglÆXr$EGJIP ��JKTY�bP � o�ÃÄx('�ZWP§RYEGJKtÉN¸o
HKZ3jbJI�[g1efJIPGJIT�U*R�Jhj§UWVhVhZWT�j,XcPbe�R�ZÉ·º�f¹¤^n·Â�B�6¹�ZWPÀUK�´U*TYefJ�g��b�Gg�JIR1Z*�öRYEGJhg�JÁXcPGgYR�U*PGVhJhgrRYEGJ�T�JhgY�b�cR�grU*T�J¼U*�c�±Ul�ygWE
¢.¨,£ * #$ �£_¶©��f©B¢�¥º¡W¦À©f¢º¢`©W¥(¦p�1¥�¢ �1®¼¥(¦m¥(®�2y®�©B¢�© �h£�©��n¥`¬_[£���t!���� �*£_ I¢¤£ ��!ö¨,£_¦�.�£�¡n��¢�¥.®K©W¶Æ�D�EbX[g�{bT�ZW{
JITYR¤�9X[g�g�Z
{�JITYRYXcPGJIP3RÁR�Z°RYEGJ¼HKZ3jbJI��RYEmU*RuZWPGJ]VhZW�b�[jÀ�Gg�J�XcR|�ºZWTujbJ_²GPbXcPbe�RYEGJ]g�JI�¶�(^`RYEbT�JlUWj,XcPbe\gY�b��VI�´UWg�glÆÁD�EGJ¼T�JI�´U6µbJhj
{bT�ZW�b�[JIH �Gg�Jhj�XcP ���$HKZyjbJI� �c�fd��t��X[g¼�mUWg�Jhj�ZWP H]XcPbXcH]X32hXcPbe³Z*�uU\���bPGVIRYX[ZWP � e�� h ��EbX[V�E X[g¼XcP,�ºJITYX[ZWTKR�ZRYEGJKZW�,pYJhVIRYXc»fJ¼�.�bPGVIRYX[ZWP �de�� h Zi»fJIT<RYEGJKg�JIRÁZ*�±�ºJlUWgYXc�b�[J]RYEbT�JlUWj,XcPbefglÆ�GZWT<gY�GV�E³U�T�JI�´U6µGU*RYX[ZWPÄd�U*P³ZW{bRYXcHaU*�g�ZW�c�bRYX[ZWP�� 7 R�Z\RYEGJ9T�JI�´U6µ,Jhj³{bT�ZW�b�[JIH X[g�ZW{bRYXcHaU*�±�ºZWT�RYEGJ°ZWTYXceBXcPmU*�±ZWPGJ9X¶��de�� 7 h S � e�� 7 h Æ mZWT�RYEGJ � �
HKZ3jbJI��RYEbX[g�VhZW�b�[j°��J1R�U*�fJIPÇUWgöRYEGJ|g�JI�¶�.^`RYEbT�JlUWj,XcPbe]gY�b��VI�´UWg�g�jbJ_²GPbXcPbe¼{bT�ZW{
JITYR¤�°U*PGj°RYEbX[g±X[g�RYEGJ1T�JlUWg�ZWPa�ºZWT
RYEGJ¼J��
JhVIRYXc»fJIPGJhg�g|Z*�öRYEGJ ���¿U*�cefZWTYXcRYEbH0ZWPÉRYEGJ�XcPGgYR�U*PGVhJhguZ*�öRYEbX[g|gY�b�
VI�´UWg�glÆ$r$EmU*R1X[grXcH]{
ZWTYR�U*PSRuR�Z�UWjbj
EGJIT�J�X[g±RYEmU*R�U*�c�
RYEGJhg�J�{bT�ZW{
JITYRYX[Jhg�U*T�J1g�VhZWT�JrjbJI{
JIPGjbJIPSR�U*PGj9RYEGJI�aVhZW�b�[j°��J1�[ZBgYR�ZWPGVhJ�RYEGJrg�VhZWTYXcPbe]g�V�EGJIHKJ
V�EmU*PbefJhjÈÆ5mZWT�U*�c�
XcPGgYR�U*PGVhJhg±T�JI{
ZWTYR�Jhj°��JI�[Zi� RYEGJ1ZW�,pYJhVIRYXc»fJ1�.�bPGVIRYX[ZWP�VhZyJ_¾aVIX[JIPSR�g�U*T�J1efJIPGJIT�U*R�Jhj��S�9�GgYXcPbeËz�wuqyD ·���¡W¶ª ��£ .�¡�«W¦G¥�¢�¥�¡W¦��� n¥`£_¦m¢¤£�ª��
£�©W '.I¨D�¡l¡Wº¹�g�Z*�.RQ�±U*T�J7� � dB�W�¤Æ�NQR�X[g��
JI�fZWPGj¼ZW�bT��yPGZl���[Jhj,efJ�R�Z�pÂ�Gj,efJ
ZWP@j,Xc»fJIT�gYXcRYX[Jhg�ZWT<VhZWH]HKZWP �ºJlU*RY�bT�JhgÁZ*��RYEGJKg�VhZWTYXcPbe>g�V�EGJIHKJhgÁ�Gg�Jhj§XcP@j,X��ÈJIT�JIPSR<�bX[ZW�[ZWeBX[VlU*���´U*��ZWT�U*R�ZWTYX[JhgiÆ
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{�ZW�c�yR�ZW{
JujbJhg�VITYXc�bXcPbeaVhZWPGgYRYT�U*XcP3R�gldb��JÁH<�GgYR�PGZWR�JÁRYEmU*R�JlUWV�E\U*RYR�JIH]{bRrZ*�ËU*eBeBT�JIeSU*RYX[ZWPÄd�g�Uh�9XcP³·Â� � ¹_dbgY{
ZWXc�[g
RYEGJ|�ºJlUWgYXc�bXc�cXcR¤��Z*��RYEGJ<ÃÄo g�ZW�c�bRYX[ZWPÄÆ

� � �����Â� ����� ��	�������Ë�
ÃÄJIR��Gg�T�JhVlU*�c�,EGJIT�J�RYEmU*R��3�ÁRYEGJ±»fJITY�ÁjbJ_²GPbXcRYX[ZWPKZ*��·Â�l�S¹¤^n·Â�w�S¹ÄHKZ3jbJI�`dWZWPGJ�VlU*P�{mU*TYRYXcRYX[ZWP�·�g�{b�cXcRn¹ÈXcR�R�Z1g�HaU*�c�[JIT
gY�b�b{bT�ZW�b�[JIHKgu�3�>XcH]{
ZBgYXcPbeÇVhZWPGgYRYT�U*XcPSR�g<ZWPÉRYEGJ�{mU*RYEGguXcPÀRYEGJ�eBT�U*{bE 6}XcP§RYEGJ���ZW�c�[Zi��XcPbe��±Ul�fÆ�ÃÄJIR 5\�
J
g�ZWHKJ¼g�JIeBHKJIPSR�U*PGj e$5;6,/ h /oS 
�6 c3c3c 1 U*T�J�RYEGJ¼»fJITYRYX[VhJhguXcPÀRYEGJ85Y+.-��´Uh�fJITlÆ�D�EGJIP§�S�>{mU*TYRYXcRYX[ZWPbXcPbe>RYEGJ]g�JIR
��
�6</Y6 c3c3c 6�1 /�XcP3R�Z �¼XcPSR�JITY»BU*�[gldm��JÁVhZW�b�[j\gY{b�cXcR�RYEGJu{bT�ZW�b�[JIH XcPSR�Z �KgY�b�b{bT�ZW�b�[JIHKg1Z*��gYHaU*�c�[JIT�gYX32lJhg�U*PGjÇRYEGJ
)�+.-¼ZWPGJ|X[g�jbJ_²GPGJhj�Zl»fJIT�RYEGJr{mU*RYEGg�XcP
6 ��EbX[V�EÇ{mUWg�g±RYEbT�ZW�beBE�RYEGJr»fJITYRYX[VhJhg�XcP�RYEGJ)�+.-¼XcPSR�JITY»BU*�ÄZWPb�c�fÆ�D�ES�Gg
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X¶��RYEbX[g�XcP3R�JITY»WU*��X[g�e # 6�� h RYEGJIP���ZWT�RYEGJ<g�JIeBHKJIP3R�g = ZWPÇRYEGJÁ�[J_�.Ri·.TYXceBE3Rn¹�Z*�:5�ZWPb�c��RYEGJÁ»fJITYRYX[VhJhgXe = 6 
 h�� 
 ^ �
·�e = 6 
 h�� 
ZH�# h gYEGZW�b�[jÉ��J�R�U*�fJIPÀXcPSR�ZÇUWVhVhZW�bPSRlÆ<D�EGJ��
JhgYR|V�EGZWX[VhJ��ºZWT 5>X[g���� c�� 8��aU*PGjÉX¶�öRYEGJ�efZfU*��X[grR�Z
gY{b�cXcRöRYEGJ�{bT�ZW�b�[JIH XcP3R�Z<gY�b�b{bT�ZW�b�[JIHKg±Z*�ÈU*{b{bT�ZlµyXcHaU*R�JI�c�9J %S�mU*�mg�X32lJ�RYEGJIPaRYEGJ�XcP3R�JITY»WU*�[g�gYEGZW�b�[jK�
J�Z*�ÄJ %S�mU*�
�[JIPbeBRYEÄÆ�w1PGJ<VhZW�b�[j�R�U*TYefJIR�gY{b�cXcRYRYXcPbeaZWP�RYEGJuVITYXcR�JITYXc�bH ^�U*�cHKZBg�R�J %S�mU*�ÄP3�bH<�
JIT�Z*�Ë{mU*RYEGgld,�b�bR���JhVlU*�Gg�JuZ*�
gYXcH]{b�cX[VIXcRQ�°Z*��RYEGJ|XcH]{b�[JIHKJIPSR�U*RYX[ZWP\��J|�Gg�Jhj°RYEGJr²GT�gYR�U*{b{bT�ZfUWV�EÄÆ$�1Zi�Ád,X¶��RYEGJugY{b�cXcR�X[g�jbZWPGJ|ZWPGJuVlU*PÇgYR�U*TYR
g�ZW�c»yXcPbeuRYEGJ�gY�b�b{bT�ZW�b�[JIHKg�XcPKg�ZWHKJ�ZWT�jbJITö�S��{mUWg�gYXcPbeÁRYEGJ��
JhgYR�ZW�,pYJhVIRYXc»fJ����bPGVIRYX[ZWPK»WU*�c�GJ±�ºZW�bPGjaUWgöUÁVI�bR�Z��
�ºZWT|RYEGJ�g��b�Gg�J %S�GJIP3RÁgY�b�b{bT�ZW�b�[JIHKglÆ�D�ES�GgldÈ�3�>EmUl»3XcPbe�RYEGJ]V�EmU*PGVhJ¼R�Z°g�R�U*TYRr��XcRYE§RYEGJ¼gY�b�b{bT�ZW�b�[JIH ��EbX[V�E
VhZWP3R�U*XcPGg|RYEGJ�ZW{bRYXcHaU*�Ë{mU*RYEÄdÈU*�c��ZWRYEGJIT|gY�b�b{bT�ZW�b�[JIHKg|��Xc�c����J�U*��ZWTYR�JhjÉ�3�ÇRYEGJ�Ã�o$g�ZW�c»fJIT|U*RrRYEGJ<HKZWHKJIP3R
��EGJIP j,�mU*�öZW�,pYJhVIRYXc»fJ¼T�JlUWV�EGJhg<RYEGJ]VI�bR�Z��¿»BU*�c�GJBÆ�D�EGJ]J��
JhVIRÁZ*�±RYEbX[gÁgYRYT�U*R�JIeB�ÉX[gujbJIHKZWPGgYRYT�U*R�Jhj§XcP§R�U*�b�[J
L\ZWP@XcPGgYR�U*PGVhJhg���EbX[V�E�U*T�J9��ZWTYRYE3��EbXc�[J�R�Z>g�{b�cXcRlÆÀw1PGJ9efZ3Zyj@V�EGZWX[VhJ9��ZWT�RYEGJa{bT�ZW�b�[JIHKg¼R�Z\gYR�U*TYR���XcRYE¿X[g
�mUWg�Jhj9ZWPaRYEGJ1ZW�Gg�JITY»WU*RYX[ZWP°RYEmU*R��ºZWTöRYEGJ��bX[ZW�[ZWeBX[VlU*�XcPGg�R�U*PGVhJhgöRYEGJ1ZW{bRYXcHaU*�{mU*RYE9{mUWg�g�Jhg)�¤PGJlU*T'��RYEGJ�H]X[jbj,�[J
»fJITYR�J_µ>XcP\RYEGJ<H]X[jbj,�[J��´Uh�fJITK·.RYEbX[g|U*T�JlUKX[g|UKVIT�ZBg�gYT�ZfUWj\Z*��HaU6µ,XcHaU*��PS�bH<�
JITuZ*��{mU*RYEGgn¹_Æ�D�EGJ�JhgYRYXcHaU*R�J�Z*�
RYEbX[g�PGJlU*TYPGJhg�g�VhZW�b�[j��
J|eBXc»fJIP\UWg�U�{mU*T�U*HKJIR�JIT���ZWT�g�J %3�GJIPSRYX´U*��ZWT�UWg���JI�c�Ä��ZWT�{mU*T�U*�c�[JI��XcH]{b�[JIHKJIPSR�U*RYX[ZWPÀZ*�
gY�GV�E>gY{b�cXcRYRYXcPbe9U*{b{bT�ZfUWV�EÄÆ
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#65 7�89�
*:4; 71�*!+�"<=; > 71? @. ;�A��CBD;�E F F F ;*. @��
G 7 7�89�
*:4; 71�*!+�"<=; > 71? @. ;�A��CBD;�E 7CH+I-E 7CH+I-@ @-@+>JH3A @�@�. ?��
G @ 7�89�
*:4; 71�*!+�"<=; > 71? @. ;�A��CBD;�E A-E�;-E 71>-K+? A�;JH+@ @+I*. A-�
GML 7�89�
*:4; 71�*!+�"<=; > 71? @. ;�A��CBD;�E ?-A-I 71>�E+A @+>-A ;*. @��
#65 71�����NO; 7��1)��9:4; 7PK ?�; >�.�7�?-�CBD;-K F F F @3	Q71I-�
G 7 71�����NO; 7��1)��9:4; 7PK ?�; >�.�7�?-�CBD;-K @�>-E�7PE @�>-E-@+; 7�7P>�71>�@+I R�7P@-@71?-�
G @ 71�����NO; 7��1)��9:4; 7PK ?�; >�.�7�?-�CBD;-K E�>�I-K-@ A*71KJH3A E+;JH+@ @3	SA-E��
GML 71�����NO; 7��1)��9:4; 7PK ?�; >�.�7�?-�CBD;-K @+I-;�I A*71K�E3? 71KJH3K ?-�

D�U*�b�[JK�1E�q3HaU*�c�ÄXcPGg�R�U*PGVhJhgwEË�ºZW�bT�HKZ3jbJI�[g�VhZWH]{mU*TYX[g�ZWPGg

T U 	�� ���<�������	�������� � �9�Ë�
��� ���1� 

NQPÇRYEGJÁR�U*�b�[Jhgr�bdmL¼�±J<gY�bH]HaU*TYX32lJ�RYEGJÁT�Jhg��b�cR�g���T�ZWH�TY�bPbPbXcPbe � oöÃÄx(' ZWPÀq0+ �$r d +1�cRYT�Ufqyo 	 z � ^¤N�N_db�S�B�
t � 2fd � o5+ VhZWH]{b�bR�JITlÆ�D�EGJÁXcPGgYR�U*PGVhJhg�·�g�VhZWT�Jhgn¹�U*T�J<j,T�Uh��P>�.T�ZWH U¼T�Jhj,XcT�JhVIR�JhjÉZW�bRY{b�bR1Z*�5Ëz�wuqyD � � d��W�
��EbX[V�E§RYTYX[Jhg1R�Za²GPGjÉRYEGJ<�
JhgYR1²GRuZ*��H<�b�cRYXc{b�[J�%3�GJITYX[JhgÂ^`R�Z*^`H<�b�cRYXc{b�[JKVhZWT�Jhg|�mU*Pb�
Æ|D�EGJ�Ã�q\U*�cefZWTYXcRYEbH �è�t�ËX[g
�Gg�JhjKU*RöU1²GPmU*�gYR�U*efJ�Z*�RYEbX[g�VhZWH]{b�[J_µaU*PGj¼RYXcHKJ_^¤VhZWPGgY�bH]XcPbe�{bT�Z3VhJhj,�bT�JBÆ�NQP]ZWT�jbJIT�R�Z|efJIPGJIT�U*R�J�XcP3R�JIT�JhgYRYXcPbe
·.T�JlU*�y�bXce3¹
XcPGgYR�U*PGVhJhg���J�EmUh»fJ�R�Z��cXcH]XcR�RYEGJ�RYXcHKJö��ZWT�RYEbX[gÄ�mÅr�¼VhZ3jbJöR�Z�g�ZWHKJö�b{b{�JIT���ZW�bPGj<»WU*TY�yXcPbe��
JIR¤�±JhJIP
LB�*H]XcPÄÆ]U*PGj§�*EÄÆ�UWVhVhZWT�j,XcPbe>RYEGJ¼XcPGgYR�U*PGVhJ]gYX32lJBÆ r$EGJIP Ã�q\T�JlUWV�EGJhguRYEbX[gu�
ZW�bPGj ·.T�JhgY{�JhVIRYXc»fJI�c�\XcPGj,X[VlU*R�Jhj
�3�ÉRYEGJagYXceBPWV XcP RYEGJ]�´UWg�R �¤RYXcHKJ �KVhZW�c�bH]P¹|��JK��TYXcR�J_^¤jbZl��P¿RYEGJ]��Jhg�Ru»WU*�c�GJKJI»fJITÁ��ZW�bPGj§�3�À�mÅr�ÄÆaD�EbX[g
gYEGZW�b�[j ��J¼R�U*�fJIP XcP3R�Z>UWVhVhZW�bPSR<��ZWT�g�ZWHKJ]Z*�±RYEGJKT�JhgY�b�cR�guXcP R�U*�b�[Ja�°��EGJIT�JK��JKg�UWVITYX¶²mVhJhj@RYEGJ�%S�mU*�cXcRQ�§Z*�
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RYEGJ�VhZWH]{mU*TYX[g�ZWP���ZWT¼RYEGJ�V�EmU*PGVhJ�R�ZÉR�JhgYR]ZWP�XcPGgYR�U*PGVhJhgldöPGJI»fJITKU*RYR�JIH]{bR�Jhj���J_�ºZWT�JBÆ r$EmU*R��±J�HKJlU*P��S�
XcPSR�JIT�JhgYRYXcPbe9XcPGgYR�U*PGVhJuX[g�ZWPGJÁ��XcRYEÇHKZWT�JuRYEmU*P 
�� � L �ºJlUWgYXc�b�[JuRYEbT�JlUWj,XcPbefglÆ

� U 	������Q�� ��	��� 
r J�EmUh»fJKjbJIHKZWPGgYRYT�U*R�JhjÈd�ZWPGVhJ¼HKZWT�JBdÈRYEmU*R|RYEGJKUWV�EbX[JI»fJIHKJIPSR�g�Z*�öRYEGJ¼HaU*RYEGJIHaU*RYX[VlU*��{bT�ZWeBT�U*H]H]XcPbe>RYEGJ_^
ZWTY�\U*PGj§U*�cefZWTYXcRYEbHKgÁU*T�J�»WU*�c�mU*�b�[J�R�ZyZW�[g��ºZWT|U*RYR�UWV��3XcPbeÇZW{bRYXcH]X32iU*RYX[ZWP§{bT�ZW�b�[JIHKg|RYEbX[g|RYXcHKJ¼U*TYX[gYXcPbe�XcPÉRYEGJ
VhZWH]{b�bR�U*RYX[ZWPmU*���bX[ZW�[ZWeB�fÆ5r J¼gY�GVhVhJhJhjÈd
T�JI�c�yXcPbe�ZWPÉgY�GV�E UWV�EbX[JI»fJIHKJIPSR�gidÄR�Z°�cXcPGJlU*TY�c�>HKZyjbJI��UK{bT�ZW�b�[JIH�Z*�
PGZWPb�cXcPGJlU*TÁVhZWH<�bXcPmU*R�ZWTYX´U*��PmU*RY�bT�J]U*PGjÉR�Z°g�ZW�c»fJ�J_¾aVIX[JIP3RY�c�ÀU9�[ZWR|Z*�öXcPGgYR�U*PGVhJhg|��XcRYEGZW�bR|EmUh»yXcPbe���TYXcRYR�JIP@U
gYXcPbeB�[Jr�cXcPGJ|Z*��g�ZWHKJ|VhZ3jbJ¼·�j,X��ÈJIT�JIPSR���T�ZWH HKZyjbJI���b�bXc�[jbJITn¹_ÆöD�EbX[g±HKZ3jbJI�
T�JI»fJlU*�[g�U*P��bPGJ_µ,{�JhVIR�Jhj°{bT�ZW{
JITYR¤�
Z*�Ä{bT�ZWR�JIXcP�RYEbT�JlUWj,XcPbe�{bT�ZW�b�[JIH���EGJIP�XcR±X[g�VhZWPGgYX[jbJIT�Jhj�ZWPb�c�aZi»fJIT��bX[ZW�[ZWeBX[VlU*��XcPGg�R�U*PGVhJhgldyPmU*HKJI�c�]��JlUWg�Xc�bXc�cXcR¤�
Z*��RYEGJ|�cXcPGJlU*T�{bT�ZWeBT�U*H]H]XcPbeag�ZW�c�bRYX[ZWPGglÆöD�EbX[g���Xc�c�ÈU*�c�[Zi� ·ºU*R��[JlUWgYR��b{�R�Z�RYEGJrHKZWHKJIP3R�Z*�Ä²GPGj,XcPbeKVhZW�bPSR�JITÂ^
J_µbU*H]{b�[Ji¹uR�Z�XcH]{bT�Zl»fJ9RYEGJ]{
JITÂ��ZWTYHaU*PGVhJ9Z*�±RYEGJ°U*{b{bT�ZfUWV�E¿�S�À�[ZyZW�3XcPbe��ºZWT�U�Ã�o g�ZW�c»fJIT�ZWTYX[JIPSR�Jhj R�ZÇRYEGJ
PGJIR¤�±ZWTY� �mZl��gYRYTY�GVIRY�bT�J°Z*��RYEGJ9ÃÄo HKZ3jbJI��{bT�ZW{�ZBg�JhjÈÆ �XcPmU*�c�c�fd��±Ja�
JI�cX[JI»fJKRYEmU*R�RYEGJ9VhZWPWpYJhVIRY�bT�JKXcP³RYEGJ
RYXcRY�[J<Z*�ËRYEbX[g��±ZWTY�ÇVhZW�b�[jÇ�
JuH<�GV�E\JlUWgYXc�c��T�Jhg�ZW�c»fJhj>�S��RYEGJ<VhZWH��bXcPGJ<J��ÈZWTYR�g�Z*���bX[ZW�[ZWeBX[gYR�g|U*PGjÇZW{�JIT�U*RYX[ZWPGg
T�Jhg�JlU*T�V�EÉgY{
JhVIX´U*�cX[gYR�glÆ
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# 5 @����J� :4; @+�����%:4; 7CE I-> 7�. E3�CB 7P> F�7P>�I�>*. @ 7�	 ?JE+�
GML @����J� :4; @+�����%:4; 7CE I-> 7�. E3�CB 7P> F�7P>�I�>*. @ 7P>��
# 5 A�,�� ��:4; A+,-���1:4; A-; 7-7�? K�. E3�CBDA-; F A->�;�I*. H HC	 @�K��
GML A�,�� ��:4; A+,-���1:4; A-; 7-7�? K�. E3�CBDA-; F A->�;�I*. H 7�	 ;->��
# 5 71��
3�9:4; 7P��
3�9:4; @�H 71?-I ?*. ;+�CBDA*7 F A-A�>�K*. @ @�;+	 ?H3�
GML 71��
3�9:4; 7P��
3�9:4; @�H 71?-I ?*. ;+�CBDA*7 F A-A�>�K*. @ 7�	 ?�>��
# 5 @����J� :4; 7�'����1N ; 7PA 7PA�> 7�. >+�CB 7P> F 7�7-. ? RO@+;�	
GML @����J� :4; 7�'����1N ; 7PA 7PA�> 7�. >+�CB 7P> F 7�7-. K 7P;+	 ;-K��
# 5 A�	��()*N ; ?��J8��"NO; @�A 7P>�I A�. @3�CBDA-; E-HJ. ?�@ R4A�;�	
GML A�	��()*N ; ?��J8��"NO; @�A 7P>�I A�. @3�CBDA-; E-HJ. ?�@ E�A+	 A*71�
# 5 71��
3�9:4; 7�,�!+� :4; A-K >*7 7�. A+�CBDA-; 71;�;*. ; R4A�;�	
GML 71��
3�9:4; 7�,�!+� :4; A-K >*7 7�. A+�CBDA-; I�>*. H HC	 ?�;��
# 5 A+	���)*< ; 71,���� :4; @�A @�7PE E. A+�CBDA*7 7P@+;*. ? ROE+;�	
GML A+	���)*< ; 71,���� :4; @�A @�7PE E. A+�CBDA*7 K�A*. E ?�K+	 A�?-�
# 5 71,-!�� :4; 71!-��A�N ; A*7 @�7P@ 7�. A+�CBDA-I 7�?-;*. @ R�7�� 7PE+	
GML 71,-!�� :4; 71!-��A�N ; A*7 @�7P@ 7�. A+�CBDA-I H3K*. A H��M7P;+	 7CE+�

D�U*�b�[J>��E��1�befJ�XcPGgYR�U*PGVhJhgwE�Ã�q³»fJIT�gY�Gg]t�ÇVhZWH]{mU*TYX[g�ZWPÄÆ �1ZWR�J°RYEmU*RKJI»fJIP��ºZWT]g�JI�¶�.RYEbT�JlUWj,XcPbe$·.RYEGJ°²GT�gYR
RYEbT�JhJ�XcPGgYR�U*PGVhJhg_¹�t��HKZ3jbJI�X[g�H<�GV�Ea�`UWgYR�JIT�RYEmU*P°Ã�q¼��EbX[V�E9XcPaRYEbX[göVlUWg�J1JIPGjbg�U6��R�JIT±UugYXcPbeB�[J��[Zl��JIT±�
ZW�bPGj
VhZWH]{b�bR�U*RYX[ZWP
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@+�����%:4; 7�'����1N ; 71A 71A-> 7-. >��CB 71> I-K�7PA A�AJHC?"71I 7 7P;+	 ;-K��
@+�����%:4; 7�'����1N ; 71A 71A-> 7-. >��CB 71> E�H3K�? 71K-A�I-;�> E ?�	 ;-;��
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